Hydroxyapatite, a naturally occurring form of calcium phosphate, is the main mineral component of bones and teeth. Natural hydroxyapatite and bone have similar physical and chemical characteristics make it biocompatible. Its porous structure resembles native bone. The biocompatibility, biodegradability and bioactivity make it extensively useful in interdisciplinary fields of sciences like chemistry, biology, and medicine. Calcium phosphate-based ceramics are of great interest as substitutes of synthetic bone graft due to their similarities in composition to bone mineral and bioactivity as well as osteoconductivity. This article gives an overview of hydroxyapatite from its preparation and properties to biomedical applications of its composites.
Introduction
Hydroxyapatites (HAP) is a naturally occurring mineral form of calcium apatite comprising of about 50% of the weight of the bone, which accounts for its excellent osteoconductive and osteointegrative properties [1] [2] [3] . It is a main component of bone mineral but in some cases carbonate-apatite is a main hard tissue component, as in dental enamel [4] . One of the most common apatites used as bioceramic in medicine and dentistry is hydroxyapatite (HAP) due to its bioactivity and osteoconductive properties in vivo [5] [6] [7] [8] . The advantage of using HAP as a bioceramic or biomaterial compared to other bioceramics, such as Bioglass or A-W glass-ceramic, is its chemical similarity to the inorganic component of bone and tooth. Chemically hydroxyapatite is Ca 5 (PO 4 ) 3 OH but often written as Ca 10 (PO 4 ) 6 (OH) 2 . Naturally, hydroxyapatite is an inorganic component found in human hard tissues such as tooth and bone. These materials are generally used as human body implant materials. Natural hydroxyapatite can be prepared from eggshells, coral, fish bone, chicken bone, etc. [9] . Recently, hydroxyapatite has attracted interests because of its hemostatic properties, and bone healing function [10] [11] [12] .
This article gives an overview on different ways of hydroxyapatite preparation, its properties and biomedical applications of its composites.
Preparation of Hydroxyapatite
Hydroxyapatite can be prepared by different methods such as sol-gel process [13] , chemical precipitation [14] , etc. Chaudhari et al. prepared the HAP by applying the following reaction [15] .
( ) ( ) HAP can be produced from coral [17] , seashell [18] , eggshell [19] [20] [21] and also from body fluids [22] . There are numerous methods have been reported for the preparation of hydroxyapatite from eggshell. One of them is the hydrothermal method. It is extensively reported method of HAP production from eggshell [23] . This method of preparing HAP from eggshells in a phosphate solution at a high temperature is a novel approach for synthesizing valuable biomedical materials [19] . In this method, fine hydroxyapatite single crystals are prepared by a hydrothermal method with Ca(OH) 2 and CaHPO 4 ⋅2H 2 O as starting materials. HAP prepared from hydrothermal methods has more crystallinity and good homogeneity, the major advantage of hydrothermal method. This method is direct and straight forward which gives all the characteristics band of HAP but it is laborious and time consuming [19] .
Next is the microwave irradiation method, it requires a chelating agent i.e.
ethylenediamine tetra acetic acid (EDTA) (Figure 1 ) [24] . This is an indirect way where synthesis of HAP is generally led by formation of calcium precursor from eggshells as the first step. Thus, prepared HAP shows higher sinterability and stability at high temperatures with better stoichiometry, morphology, and osteoblast cell adhesion [23] . Türk et al. reported that microwave assisted biomimetic synthesis can be a promising technique of preparing HAP powders in shorter time [25] .
High energy mechanochemical activation method is also applied to produce HAP. It involves two processes: attrition milling and ball milling [26] . The mechanochemical reaction supplies enough amount of hydroxyl group to the starting powders to form a single phase of hydroxyapatite. This is relatively simple and recommended for the mass production of high crystalline hydroxyapatite [27] .
S. Pokhrel Advances in Chemical Engineering and Science A simple sol-gel precipitation technique can be used to prepare nanohydroxyapatite from egg shell. The powder particles are polycrystalline in nature with an average size of 5 -90 nm. The produced nano-HAP was found in pure form [28] with higher bioactivity than HAP coarser crystals [29] . Bernard ticles prepared by the microemulsion route led to a smaller particle size and the improve degree of particle agglomeration as compared to conventional precipitation method [31] .
Basically, biomimetic processing is based on biologic systems store and process information at molecular level [32] [33] [34] [35] . The extension of this concept has upgraded in processing of synthetic bone in last few decades [36] .
Hydroxyapatite (HAP)-gelatin (GEL) nanocomposites were synthesized using a biomimetic process [37] .
Properties of Hydroxyapatite
Sobczak-Kupiec et al. reported that the physicochemical properties and morphology of HAP depended on the origin/preparation method [38] . Synthetic hydroxyapatite exhibited low crystallinity, with high porosity and more surface area. On the otherhand, HAP obtained from animal bone via calcination at 800˚C possesses highest crystallinity [38] . Hydroxyapatite has the capability to form chemical bonds with surrounding hard tissues [39] [40] with the formation of a HAP interfacial layer [41] . The similar physical and chemical characteristics of natural hydroxyapatite with bone make it biocompatible [8] .
Bowen co-workers studied the relationship between the composition and di-electric and piezoelectric composites for polarized bone substitutes. It was observed that the addition of BaTiO 3 increases permittivity and ac conductivity of the material [42] . It is summarized that HAP-BaTiO 3 composites can be used as polarized bone substitutes [42] .
Gao et al. prepared three porous scaffolds by sintering of bovine bone and three-dimensional gel-lamination method. The results demonstrated that three types of HAP scaffolds showed good attachment, proliferation and differentiation of osteoblasts [43] . Hydroxyapatite ceramic, derived from bovine bone by sintering, has a porosity and pore structure which resembles that of native bone. The porosity and the good wettability with water and organic solvents permit ceramic loading with drugs such as antibiotics, or substances that improve healing of bone [44] .
According to Zhang and Darvell, the morphology and structural characteristics of hydroxyapatite whiskers depend on the initial Ca/P ratio (iCa/P) and pH (ipH), as well as the initial calcium concentration (i[Ca]) [45] . Deviation in these values did not affect on constitution, which was crystallographically indistinguishable from HAP. Ca/P ratio gradually improved with increase in both ipH and iCa/P, but was independent of i [Ca] . Uniform whiskers were obtained at high iCa/P and low ipH, or at high ipH and low iCa/P. Uniform whiskers were obtained at high iCa/P and low ipH, or at high ipH and low iCa/P. At low iCa/P and a low ipH branch-like whiskers and irregular plate-like particles were produced, while a high ipH supported the formation of lath-like HAP at high iCa/P.
Preferred growth along the c-axis was greater at higher iCa/P and ipH as well as at low i[Ca] [45] .
Werner and coworkers manufactured osteo implants having graded porosity by multilayer casting of HAP tapes with controlled pore structure [46] . The results proved that sintering temperature is a critical factor influencing density, microstructure and stability of HAP phase. The optimum sintering temperature to obtain maximum flexural strength for three layered structures was found to be 1250˚C. Pore-graded three-layer structures revealed approximately 40% higher flexural strength than a homogeneous three-layer structure with single pore size. The macroporous HAP network gives access for osteoblast-like cells which can attach, spread and propagate throughout the macropores and their interconnections [46] .
Several studies have been reported the scanning electron micrographs of hydroxyapatite. Here, representative SEM of sample i.e. calcined at 900˚C is presented in Figure 2 . In this image, the morphology of hydroxyapatite was found porous with pore size less than 1 μm in average and nonhomogeneous [8] . surface morphology of the prepared hydroxypatite (HAP) ceramic particles via calcinations of natural bones and synthetic sol-gel method and observed the aggregation of particles with rough and granular to dense surfaces. The size of HAP particles was predicted to the range between 50 -500 nm [48] .
Applications of Hydroxyapatite (HAP)
Historically, the first broadly tested artificial bioceramics was plaster of Paris an artificial material to repair surgically created defects in rabbit bones in 1920 [57] . He also invented some other advances in orthopedic surgery [50] . Presently hydroxyapatite has received much more interest as an implant material with applications in dentistry and orthopedics [58] [59] [60] .
Synthetic HAP has been used widely as an implant material for bone substitute because of its excellent osteo inductive properties [61] . Madhumathi et al. deposited HAP on the surface of chitosan hydrogel membranes and evaluated the biocompatibility of these membranes using MG-63 osteosarcoma cells and suggested that chitosan hydrogel-HAP composite membranes is applicable for tissue-engineering [76] .
Electrospinning is cost effective and appropriate technique for the production of nanofibers for fabricating scaffolds with biomolecules and has been used across a wide range of biocomposite polymer systems and bone tissue engineer-Advances in Chemical Engineering and Science ing actions [62] . Calcium phosphate ceramics has great importance in the field of tissue engineering for the biological applications [77] . Ngiam 
Conclusions
Hydroxyapatite is shown to be a significant material for biomedical applications due to its biodegradability, biocompatibility and bioactivity. HAP is a beneficial biomaterial for dental and medical applications. The HAP nanoparticles are more useful than conventional sized HAP bulk ceramics based on large surface-to-volume ratio, reactivity, and biomimetic morphology of the HAP nanoparticles for applications such as fillers for composites, reparative materials for damaged enamel and carriers for drugs. This review gives an overview about the synthesis, properties and applications of HAP in biomedical domain.
It can be concluded from the above presented investigations that despite numerous methods elaborated the synthesis of HAP which are used as bone scaffolds and in dentistry, there is still a huge demand for developing a simple efficient and green method for the production of HAP.
